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RESEARCH ARTICLE  
 
Abstract 
Temporary Immersion Bioreactor (TIB) is a suitable technique for large scale micropropagation of plant species. 
The aim of this work was to test the capacity of in vitro proliferation of the primocane-fruiting red raspberry cv 
Maravilla and floricane-fruiting red raspberry cv Willamette on gelled media compared to liquid media. The two 
varieties were cultured in vitro on two media, Murashige and Skoog 1962 (MS) and Driver and Kuniyuki walnut 
medium, 1984 (DKW), both supplemented with 0.5 mg/l 6-benzyladenine (BA). In the control cultures on gelled 
media the media were gelled with 5g/l Plant Agar, whereas for the cultures in liquid media Plantform bioreactors 
were used. After six weeks of in vitro culture we recorded the proliferation rates and lengths of the axillary shoots 
obtained in all the experimental treatments. The highest proliferation rate was 16 ± 2.03, obtained in cv. 
Willamette on gelled MS medium with 0.5 mg/l BA. The longest shoots (3.17 ± 0.32 cm) were obtained at cv. 
Maravilla on the DKW medium with 0.5 mg / l BA in the bioreactor. Our research highlighted that Rubus idaeus L. 
Maravilla and Willamette can be TIB propagated, although further research is needed to improve the efficiency 
of this method. 
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INTRODUCTION 
Primocane-fruiting raspberries have many advantages over traditional summer-
fruiting, floricane raspberries. Most notably, their fruiting season can be extended 
from late summer into fall. Whereas the summer raspberry harvest lasts ≈ 6 
weeks, fruiting in the fall can add more than 6 weeks to the season. Unlike 
floricane-fruiting types that require selective cane removal, an entire field of 
primocane types can be mowed to the ground in late fall or early spring each year. 
This significantly decreases pruning costs if the summer crop is sacrificed (Pritts, 
2008). Traditional methods of raspberry propagation are effective, but the most 
productive method is micropropagation, which has been adopted quite well for 
usual, conventional, floricane cultivars but problems were observed to occur with 
the clonal micropropagation of remontant raspberry varieties, and therefore it is 
important to do research for improving effectiveness (Kornatskiy, 2020). The 
adaptation of protocols for micropropagation and rooting of raspberry greatly 
depends on genotypes (Kondakova et al., 2005). Thus, starting from the 1980ies 
the micropropagation of a wide range of conventional raspberry cultivars was 
researched, such as Malling Jewel (James et al., 1980), Lloyd George, Mailing 
Exploit, September and Schoenemann (Snir, 1981; Karakullukcu et al., 1990), 
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Veten, Amber, Mitra, Miranda, Mailing Orion, Glen Clova. Mitra and Miranda (Welander, 1985), Shopska Alena and 
Samodiva (Stoevska et al., 1995), Gradina and Willamette (Gonzalez et al., 2000), Citria (Clapa et al., 2008) Canby, 
Indian Summer, Nootka, Trailblazer, and Willamette (Poothong and Reed, 2015) and fewer primocane-fruiting 
raspberry cultivars: Heritage (Snir, 1981), Autumn Bliss and Polana (Minas and Neocleous, 2007), Allgold, Erika 
and Polka (Amalia et al, 2014), Herakl, Zhar-Ptitsa and Poklon Kazakovu (Kornatskiy, 2020), Biryulevskaya 
(Khlebova et al., 2019).  
For raspberry in vitro propagation different culture media were used: Murashige & Skoog (1962) with various 
modifications (Gonzalez et al., 2000; Erig and Schuch, 2005; Zawadzka and Orlikowska, 2006; Hunkova et al., 2016; 
Khlebova et al. 2019; Georgieva et al., 2020; Kim and Dai, 2020), Anderson 1980 medium (Tsao et al., 2000; 
Hoepfner and Nestby,1991), Murashige and Tucker (1969) medium (Wu et al., 2009) and Driver and Kuniyuki, 
(1984) medium (Bošnjak et al., 2021). These studies describe raspberry micropropagation on medium gelled with 
agar, whereas liquid media were studied on a lesser extent. For cultures in liquid media, various bioreactors were 
used (Georgiev et al., 2014). 
Application of bioreactors in berry micropropagation could significantly increase its effectiveness because of 
intensification and automatization of the propagation process. Bioreactor cultivation provides more precise control 
of environmental conditions, such as temperature, composition and volume of supplied air; mixing, circulation or 
exchange of nutrient medium; photoperiod; light intensity etc. It can improve micropropagation effectiveness by 
reducing the risk of contamination, shortening transfer times, reducing cultivation space and decreasing labor costs, 
thus reducing the total cost per propagated unit (Badjakov et al. 2021).  
In a temporary immersion system (TIS) the explants have a temporary contact with the culture medium for 
optimal periods of time, thus hyperhydricity is avoided. Also, micropropagation on liquid medium is considered to 
be more efficient if compared to a semi-solid one because the plants produce more biomass and propagation time 
is reduced due to better media component availability; manipulation and automation are easier (providing labor 
cost reduction), and the high cost of agar usage is eliminated (Welander et al., 2014; Bošnjak et al., 2021). 
There are few reports on raspberry in vitro culture in bioreactors. Thus, cultivars Festival, Heritage, Latham 
(Debnath, 2010) and cv. Polka (Georgieva et al., 2016) have been propagated in RITA® bioreactors and cv 
HimboTop® in SETISTM bioreactors (Bošnjak et al., 2021). Also, the remontant raspberry cultivars have low 
propagation rates and therefore the search for new approaches to improve the effectiveness of the method is very 
important (Kornatskiy, 2020). 
Therefore, the aim of this work was to test the capacity of in vitro proliferation of the primocane raspberry 
cultivar Maravilla and floricane raspberry cultivar Willamette on gelled culture media compared to liquid media in 
bioreactors.   
 
MATERIALS AND METHODS 
Plant materials 
 Our study included the primocane-fruiting raspberry cultivar Maravilla, bearing fruit only on current year's 
canes in the autumn and floricane-fruiting raspberry cultivar Willamette, which fruits on the previous year’s growth 
in mid-summer. The experimental treatments implied micropropagation of two raspberry (Rubus idaeus L.) 
cultivars on gelled media in jars, as well as liquid media in bioreactors (Figure 1). 
 The plant material used in this experiment was rasberry (Rubus idaeus L.) cultivars Maravilla and Willamette; 
the explants were excised from plantlets regenerated in vitro (6 weeks old cultures) on Murashige & Skoog medium 
(Murashige and Skoog ,1962) (MS) supplemented with 0.5 mg/l 6-benzyladenine (BA), 3% (w/v) sugar and 
solidified with 5 g/l Plant Agar. 
Establishment of in vitro cultures in gelled media 
 In this study, all the experiments were carried out using MS medium and Driver and Kuniyuki walnut medium 
(Driver and Kuniyuki ,1984) (DKW), both supplemented with 0.5 mg/l BA, 30 g/l sugar as carbon source and 5 g/l 
Plant agar. The pH of the medium was adjusted to 5.8 with 0.1 N NaOH and/or 0.1 N HCl before adding the gelling 
agents. The media were autoclaved at 0.11 MPa at 121º C for 20 minutes. 
 The vessels used consisted of 720 ml (v/v) culture jars (9 cm in diameter and 13.5 cm high) with screw caps. 
The caps were vented with filters made of autoclavable plastic sponge (4 mm diameter orifice fitted with a plastic 
sponge cube with 18 mm × 18 mm). Each culture jar was dispensed with 100 ml (v/v) of sterile medium and five 
axillary shoots 1.5-2.5 cm in length, were inoculated into each jar under aseptic conditions. 
 The in vitro cultures were incubated in the growth room at 16 h photoperiod, 32.4 μmol m-2s-1 light intensity 
(Philips CorePro LEDtube 1200 mm 16W865 CG, 1600lm Cool Daylight) and temperature of 23 ± 3°C. 
 All chemicals obtained from Duchefa Biochemie B.V, The Netherlands. 
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Establishment of in vitro cultures in liquid media 
 For culture establishment Plantform bioreactors were used. These have a pneumatic pumping system controlled 
by an automatic timer to regulate aeration and medium supply to the explants in the bioreactor (Welander et al, 
2014; www.plantform.se.).  
 The culture media prepared and used in the bioreactors had the same composition as the ones used for in vitro 
cultures in gelled media described above, but without the agar. 
 Into each bioreactor 20 axillary shoots were inoculated, each of them 1.5-2.5 cm in length. The immersion time 
was one minute at four hour intervals, repeated constantly; aeration period was four minutes at one hour intervals 
repeated constantly. The in vitro cultures established in the bioreactor systems were maintained in growth rooms 
in the same conditions as the cultures solidified with Plant agar, as described above. 
Data Collection and Statistical Analysis 
 The average shoot lengths and proliferation rates were calculated after 30 days of in vitro culturing. ANOVA was 
performed followed by Tukey’s HSD test (p ˂ 0.05) to determine the statistically significant differences between the 
means. Values shown are means ± SE. 
 
RESULTS AND DISCUSSIONS    
The analysis of the results shows that the lowest proliferation rates were in cv Maravilla compared to Willamette 
on both culture media, gelled with agar as well as in the bioreactors (Figure 1).  
   
(a) (b) (c) 
 
  
(d) (e) (f) 
Figure 1. Raspberry micropropagation: (a) Maravilla on medium DKW + 0.5 mg/l BA gelled with 5g/l Plant 
Agar; (b) Maravilla on medium DKW + 0.5 mg/l BA in Plantform bioreactor; (c) Maravilla – shoots 
proliferated on DKW + 0.5 mg/l BA in Plantform bioreactor; (d) Wilamette on MS + 0.5 mg/l BA with 5g/l 
Plant Agar; (e) Wilamette on MS + 0.5 mg/l BA in Plantform bioreactor; (f) Wilamette – shoots proliferated 
on MS + 0.5 BA in Plantform bioreactor. 
 
Thus, cv Maravilla had the highest proliferation rate (7.8 ± 0.75) on DKW + 0.5 mg/l BA gelled with 5g/l Plant 
agar, the difference being statistically significantly higher as compared to the proliferation rate on MS + 0.5 mg/l BA 
gelled with 5g/l Plant agar (5.90 ± 0.82, Figure. 2). Cv Willamette had higher proliferation rates as compared to 
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Maravilla, and the highest proliferation rate was 16.90 ± 2.02 on MS + 0.5 mg/l BA gelled with 5g/l Plant agar 
compared to 12.90 ± 1.44 on DKW + 0.5 mg/l BA gelled with 5g/l Plant agar. 
 
 
Figure 2. Proliferation rate of raspberries Maravilla and Willamette in Plantform bioreactor system 
and gelled media. Different lowercase letters above the bars indicate significant differences between 
the means of the same variety to Tukey’s HSD test (p<0.05). 
On the liquid media in bioreactors the proliferation rates were lower than on the media gelled with agar, in both 
cultivars. On DKW + 0.5 mg/l BA in bioreactor, cv Maravilla had proliferation rate of 4.35 ± 0.54, while on MS + 0.5 
mg/l BA proliferation rate was 4.01± 0.49; the difference was not significant statistically. Similar to the media gelled 
with agar, cv Willamette had proliferation rates higher than Maravilla on both types of liquid media in bioreactors. 
The highest proliferation rate in Willamette in bioreactor was 9.52 ± 1.50 on liquid MS + 0.5 mg/l BA while on 
DKW + 0.5 mg/l BA proliferation rate was 6.24 ± 1.01.  
Previous studies show that other raspberry cultivars reacted differently compared to Maravilla and Willamette 
and had higher proliferation rates in liquid media in comparison to solid media. Thus, after four weeks of 
propagation, significant differences were observed between TIS and solid medium for primocane raspberry  cv. 
Polka. On MS + 0.5 mg/l BA + 0.05 mg/l IBA, in solid medium the proliferation ratio was 3.2 while in liquid medium 
in RITA® bioreactors – 6.7 (Georgieva et al., 2016). Similar results were reported for floricane raspberry cv 
HimboTop® cultured on modified MS and DKW media in SETISTM bioreactors and on media gelled with 6.3 g/l agar. 
In this case the liquid medium provided a significantly higher proliferation rate (4.02) as compared to the semi-
solid medium – 2.74 (Bošnjak et al., 2021). Remarkably, in our case floricane raspberry cv Willamette had much 
higher proliferation rates on liquid as well as semi-solid media: 16.90 ± 2.02 on MS + 0.5 mg/l BA + 5g/l Plant agar, 
12.90 ± 1.44 on DKW + 0.5 mg/l BA + 5g/l Plant agar and 9.52 ± 1.50 on liquid MS + 0.5 mg/l BA, respectively 6.24 
± 1.01 on liquid DKW + 0.5 mg/l BA in Plantform bioreactor, compared to floricane raspberry HimboTop®. In other 
studies, the explants of cv Willamette showed 100 % necrosis 30 days after transfer to MS medium with 4 μm BA 
and 0.25 μm IBA (Gonzalez et al., 2000). Also, on media MS and Anderson 1980 supplemented with 0.5 μm IBA and 
18 μm BA Willamette had lower proliferation rates, as compared to what we obtained, after three consecutive 
multiplication cycles, respectively 2.0 ± 0.3 and 7.7 ± 0.7 (Anderson, 1980).Welander et al. (2014) tested for the first 
time the Plantform bioreactor for three species, D. lutea×purpurea, Echinacea purpurea cv Magnus and Rubus idaeus 
cv Mormorshallon and their results show that in all three species there were no statistically significant differences 
between the number of shoots proliferated on liquid culture media as compared to the ones on media gelled with 
agar.  
Contrary to our results, in other species, the use of liquid media in bioreactors provided a higher number of 
shoots as compared to solid media. For example, at Stevia rebaudiana, the greatest shoot number (8.47 
shoots/explant) was obtained from the RITA bioreactor containing 300 mL of medium and immersion for 10 s/1 h, 
respectively 4-fold greater than that of the semisolid culture (Bayraktar, 2019). When comparing the multiplication 
efficiency between bioreactors and semisolid medium in Corema album, it was observed that TIB system (SETIS™), 
under the best conditions, was capable of generating approximately 3 times more shoots than micropropagation in 
semisolid medium (Alves et al., 2021). Culturing axillary shoot explants of Salix viminalis in liquid medium in 
Plantform and RITA bioreactors increased the multiplication coefficient compared to that obtained by culturing the 
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explants in semisolid medium in jars. The best results were obtained with explants cultured in Plantform for 6 
weeks with MS-1/2N + 0.22 µM BA and 3% sucrose (Regueira et al., 2018). 
Also, after 30 days of propagation significant differences in shoot length were observed between TIS and gelled 
medium for both varieties (Figure 3). Thus, in both cultivars the shoots regenerated in bioreactors were longer than 
those obtained on media gelled with agar. 
 
 
Figure 3. Average shoot lengths raspberries Maravilla and Willamette in Plantform bioreactor system 
and gelled media. Different lowercase letters above the bars indicate significant differences between 
the means of the same variety to Tukey’s HSD test (p<0.05) 
 
CONCLUSIONS 
The micropropagation of raspberry using liquid media in bioreactors can be a complementary strategy in order 
to bypass some limitations of the current systems based on conventional techniques that use semi-solid media. 
Red raspberry Maravilla and Willamette can be propagated by using bioreactors, although further research is 
needed to improve the efficiency of this method. This is the first study that describes the micropropagation of 
primocane red raspberry cultivar Maravilla. 
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